Introduction capable of reversing their differentiated state and conStem cells have long been regarded as undifferentiated tributing to the stem cell pool, as recent studies with cells capable of proliferation, self-renewal, production multinucleated muscle and differentiated CNS cells sugof a large number of differentiated progeny, and regenergest. Thus, according to this novel view, at least some ation of tissues. Generally, it has been thought that only stem cells in adult tissues are highly plastic and amenaembryonic stem cells (ES) are pluripotent, since during ble to change given the appropriate microenvironment. early development such plasticity is critical. Indeed, exAn attractive hypothesis, given the current state of tensive data support this supposition and differentiation knowledge, is that the concept of a stem cell is evolving. of ES cells into a range of cell types has been docuWe propose that rather than referring to a discrete cellular entity, a stem cell most accurately refers to a biologimented both in vitro and in vivo. as well as growth and differentiation factors, is likely to may be more complex than originally anticipated. The play a key role in determining a stem cell's function. Within discovery that stem cells in adults can first reside in organs such as brain, liver, and muscle, it is well known one tissue and then contribute to another suggests a that there is a resident pool of stem cells, long thought to previously unrecognized degree of plasticity in stem cell be dedicated exclusively to the repair of the tissue in which function. Indeed, it now appears that cell fate changes they reside. are not known to be essential to stem cell function, the Such adult tissue stem cells are responsible for regenerexpression of these proteins may not directly correlate ating damaged tissue and maintaining tissue homeostawith stem cell potential. For example, CD34 expression sis, for example physiological replenishment of skin and on LT-HSC has been found to be reversible and depenblood cells. In some cases such as hematopoiesis, the dent not only on the activation state of the cells but also stem cells can be highly enriched and markers that disthe developmental age of the donor ( HSC section above) expressing low or negative levels Skeletal Muscle Stem Cells of CD34 (Goodell et al., 1997). In addition to enriching The satellite cell has been defined as a quiescent monofor HSC, the SP protocol can be used to identify stem nucleated cell ensheathed under the basal lamina that cells in other tissues including skeletal muscle and episurrounds multinucleated muscle fibers (Mauro, 1961 , 1999) . Given that the blood has access to all tissues of the body, these findings may not be as surprising as they first appeared. Indeed, cell fate transitions may be an ongoing physiological property in adults, since many of the studies cited involved direct transplantation of adult cells that had not been exposed to tissue culture. The recently reported discoveries that demonstrate bone marrow giving rise to cell types typical of other tissues such as muscle, brain, heart, and liver have generally used a similar protocol (Figure 3) . In all cases, the results suggest that BMderived stem cells can undergo a multistep process entailing migration, conversion to a new phenotype, and expression of functions characteristic of the tissue in which they now reside.
Skeletal Muscle
The demonstration that BM-derived cells could home to muscle and give rise to differentiated myocytes was . Infiltrating NSC progeny were detected in the gliomas even when the NSC line achieve, and because the number of specific factors that are known to be involved in homing, growth, and was injected into the brain hemisphere opposite to the glioma or delivered into the circulatory system of the differentiation is quite extensive. In accordance with the "stem cell highway" paradigm (Figure 1) , we have desigrat. These experiments suggest that factors are induced and released upon perturbation of the CNS that may be nated some of the currently known factors as two billboards on the off-ramps to the brain (Figure 5 ). In the involved in the appropriate homing of newly generated and that undergoes an irreversible loss of stem cell abil-Bittner, R.E., Schofer, C., Weipoltshammer, K., Ivanova, S., Streubel,
